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[57) ABSTRACT

An image forming apparatus having a detachable imag-
ing cartridge which includes a photosensitive member
charged by a charge brush having brush fibers. At least
one of the photosensitive member and the charging

brush is detachable from the imaging cartridge, and the

detachable one is attached to the imaging cartridge

through a guide member so that the brush fibers of the
charge brush are indented toward a downstream side
relative to a predetermined position of the charge brush
with respect to the rotational direction of the photosen-

sitive member.

22 Claims, 12 Drawing Sheets
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1

APPARATUS WITH CHARGE

IMAGE FORMING
| BRUSH

This application is a continuation of application Ser.

No. 07/869,646, filed Apr. 16, 1992, abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming
apparatus such as copying apparatus, printers and the
like, and more specifically relates to an image forming
apparatus which electrically charges an electrostatic
latent image bearing member by a charge brush.

2. Description of the Related Art

The image forming apparatus of copying machines,
printers and the like electrically charge an electrostatic
latent image bearing member such as a photosensitive
drum or the like by means of a charging device. The
electrically charged area of the aforesaid latent image
bearing member is subjected to image exposure light so
as to form a latent image thereon which is then devel-
oped so as to be rendered visible, and the developed
image is then transferred onto a transfer sheet and fixed
thereon.

Various types of the aforementioned charging device
are known which can be broadly divided into two
types: corona chargers which use a corona discharge,
and contact chargers which induce contact between a
charging brush, charging roller or rotatably driven
endless belt used for charging and the surface of an
electrostatic latent image bearing member.

Charging devices that use a corona discharge have
the advantage of providing a stable discharge, but also
have the disadvantage of generating excessive ozone
which causes deterioration of the latent image bearing
member and produces adverse physiological affects.
The amount of ozone generated by contact type char-
gers is remarkably slight compared to that of corona
chargers. |

Among the aforementioned types of chargers, the
brush charger has a charge brush of relatively simple
construction which makes contact with and charges the
surface of an electrostatic latent image bearing member,
and is particularly effective with latent image bearing
members having a moving surface.

The construction of the aforesaid charge brush 1s
generally as shown in FIG. 1. A plurality of charge
brush fibers F fixedly attached via adhesive or the like
to a supporting member (back plate) P of aluminum or
Jike material having a backing A. The brush B makes
contact with the moving surface S of the electrostatic
latent image bearing member PC.

Image forming apparatus which electrically charge
the surface of an electrostatic latent image bearing
member via a charge brush tend to have grouping or
non-uniformity in the brush fibers of the charge brush
that causes irregular charging and stripe-like image
noise.

When the aforesaid brush fiber grouping and non-
uniformity is produced in the opposite direction to the
direction of movement of the surface of the electrostatic
latent image bearing member, the rotational load of the
latent image bearing member increases and fluctuates.
The aforesaid load increase and fluctuation causes the
latent image bearing member to fail to achieve a prede-
termined number of rotations and uneven rotation,
thereby causing image defects.
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Furthermore, when the image forming apparatus is
stopped after use with the brush hair grouping and
non-uniformity maintained in the opposite direction to
the direction of movement of the surface of the latent
image bearing member, the nonuniform brush hair state
becomes the fixed regular shape of the brush due to the
brush hair creep during this period. Therefore, it be-
comes difficult for the brush fibers to make suitable
contact with the surface of the latent image bearing
member even when said member is driven, and a fair
amount of the brush hair remains inclined in the oppo-
site direction to the direction of movement of the sur-
face of the latent image bearing member.

There are thought to be various causes for the brush
hair grouping and non-uniformity produced in the
aforesaid type of charge brush. One reason 1s that the
previously described unsuitable state of the brush fibers
frequently occurs during the assembly of the charge
brush and the latent image bearing member.

SUMMARY OF THE INVENTION

A main object of the present invention is to provide
an image forming apparatus capable of producing excel-
lent images without charge unevenness. |

A further object of the present invention is to provide
stable rotation of the electrostatic latent image bearing
member in an image forming apparatus.

A still further object of the present invention is to
provide an image forming apparatus which allows the
charge brush and electrostatic latent image bearing
member to be assembled so as to not produce brush hair
grouping and non-uniformity.

These and other objects of the present invention are
achieved by providing an image forming apparatus
constructed so as to electrically charge an electrostatic
latent image bearing member by means of a charge
brush, said image forming apparatus being character-
ized by having a removable electrostatic latent image
bearing member, charge brush for triboelectrically
charging the surface of the electrostatic latent image
bearing member, and guide means for installing the
aforesaid electrostatic latent image bearing member so
that the fibers of the charge brush are uniformly pressed
toward the downstream side in the direction of move-
ment of the surface of the latent image bearing member
relative to a standard position of the charge brush in the
image forming apparatus. |

These and other objects of the present invention are
further achieved by providing an image forming appa-
ratus constructed so as to electrically charge an electro-
static latent image bearing member by means of a
charge brush, said image forming apparatus being char-
acterized by having an electrostatic latent image bear-
ing member, removable charge brush for triboelectri-
cally charging the surface of the electrostatic latent
image bearing member, and guide means for installing
the aforesaid charge brush so that the fibers of the
charge brush are uniformly pressed toward the down-
stream side in the direction of movement of the surface
of the latent image bearing member relative to a stan-
dard position of the charge brush in the image forming
apparatus.

These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the ac-
companying drawings which illustrate specific embodi-
ments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following description, like parts are designated
by like reference numbers throughout the several draw-
Ings.

FIG. 1 1s an illustration showing a conventional
charge brush;

FIG. 2 briefly shows the basic construction of the an
embodiment of the printer of the present invention;

FIG. 3 1s a perspective view showing the image car-
tridge in the printer of FIG. 2; o

FIG. 4 1s a perspective view showing the basic con-
struction of the charge brush;

FIGS. 5 (A) and (B) are illustrations showing the
weave toward the backing of the brush fibers in the
charge brush; |

FI1G. 6 1s a perspective view showing another exam-
ple of the charge brush;

F1G. 7 1s an 1llustration showing a print image sample
used for image evaluation;

FIG. 8 1s an exploded perspective view showing the
imaging cartridge in a first embodiment of the present
invention; |

FI1G. 9 1s an exploded section view of the imaging
cartridge of FIG. 8§;

FIG. 10 is a section view showing the installation of
the photosensitive drum of the cartridge of FIG. 8;

F1G. 11 is a section view showing the cartridge of
FIG. 8 after assembly; |

FIGS. 12 (A) and (B) are 1llustrations showing instal-
lation directions of the electrostatic latent image bear-
ing member of the present invention and Reference
Examples;

FIG. 13 i1s an exploded perspective view of the imag-
ing cartridge in a second embodiment of the present
invention;

FIG. 14 is an exploded section view of the image
cartridge of FIG. 13;

FIG. 15 1s a section view showing the cartridge of
FI1G. 13 just before assembly is completed;

FIGS. 16 (A) to (D) are illustrations showing installa-
tion directions of the charge brush of the present inven-
tion and Reference Examples.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention
are described hereinafter with reference to the accom-
panying drawings.

‘The embodiments of the invention described below
all relate to a printer having the basic construction
shown in FIG. 2.

The printer shown in FIG. 2 i1s provided with a pho-
tosensitive drum 1 as the electrostatic latent 1mage bear-
ing member which is disposed in the center portion of
the printer, and which is rotatably driven by a driving
means (not shown in the drawing) in the arrow CW
direction. Sequentially arranged around the periphery
of the photosensitive drum 1 are charge brush 2, devel-
oping device 3, transfer charger 4, cleaning device §,
and eraser 6. The drum 1, charge brush 2, developing
device 3, cleaning device §, and eraser 6 are built into
the imaging cartridge 10 (refer to FIG. 3) which is
removably installed in the main body of the printer.

The optical system 7 1s provided above the photosen-
sitive drum 1. The optical system 7 comprises a semi-
conductor laser generator, polygonal mirror, toroidal
lens, half-mirror, spherical mirror, folding mirror, re-
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flecting mirror and the like disposed in a housing 71. An
exposure sht 1s formed in the bottom portion of the
housing 71 through which image exposure light can be
projected between the charge brush 2 and the develop-
ing device 3 onto the surface of the photosensitive drum

1. |
Sequentially arranged at the right side of the photo-

‘sensitive drum 1 in the drawing are a pair of timing

rollers 81, pair of intermediate rollers 82 and paper
supply cassette 83, said cassette 83 confronting by a feed
roller 84. Sequentially arranged to the left side of the
drum 1 in the drawing are a pair of fixing rollers 91 and
a pair of discharge rollers 92, said discharge rollers 92
confronting a discharge tray 93.

The aforementioned printer provides that the surface
of the photosensitive drum 1 is electrically charged to a
predetermined electric potential by the charging brush
2, and the charged area of the drum surface i1s then
exposed by the image exposure light projected from the
optical system 7 so as to form an electrostatic latent
image thereon. The formed latent image is thereafter
developed as a toner image via the developing device 3,
and said toner image advances to the transfer region
opposite the transfer charger 4.

On the other hand, a transfer sheet is fed from the
cassette 83 by the feed roller 84, said transfer sheet
passes through the pair of intermediate rollers 82 and is
advanced to the pair of timing rollers 81 so as to arrive
at the transfer region simultaneously with the toner
image formed on the surface of the photosensitive drum
1. The aforesaid toner image on the drum 1 is trans-
ferred onto the transfer sheet in the transfer region via
the action of the transfer charger 4, whereupon the
transfer sheet is advanced to the pair of fixing rollers 91
which fix the toner image on the transfer sheet. Thereaf-
ter, the transfer sheet is discharged to the discharge tray
93 by the pair of discharge rollers 92.

After the toner image is transferred to the transfer
sheet, the residual toner remaining on the surface of the
photosensitive drum 1 is removed therefrom by the
cleaning device §, and the residual electric charge re-
maining on the surface of the drum 1 is removed there-
from by the eraser 6.

The system speed of the previously described printer
(circumferential speed of the photosensitive drum 1) is
3.5 cm/second. The developing device 3 is a contact-
type developing device which uses a monocomponent
developing matenal to accomplish reverse developing.

The photosensitive drum used in the specific embodi-
ments of the present invention and comparative exam-
ples which are described hereinafter was manufactured
by the method described below. The photosensitive
member was of the function-separated organic type
using a negative electric charge and having a sensitivity
to long wavelength light.

First, one part-by-weight (pbw) 7-type nonmetallic
phthalocyanine, 2 pbw polyvinylbutyral resin (degree
of acetylation 3 molar % or less, degree of butylation 70
molar % or less, degree of polymerization 1000), and
100 pbw tetrahydrofuran were added to a ball milil pot
and mixed for 24 hrs to produce the photosensitive
coating fluid. The aforesaid photosensitive application
fluid was used to coat the entire surface of a cyhndrical
aluminum substrate having a major diameter of 30 mm
and a length of 240 mm via a dipping method. The
coating was then dried, so as to form a charge-generat-
ing layer 0.4 pm in thickness.
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Thereafter, 8 pbw hydrazone compound having the

structural formula shown below, 0.1 pbw orange color-

ing (Sumiplast Orange 12, Sumitomo Kagaku K.K.),
and 10 pbw polycarbonate resin (Panlite L-1250, Teijin
Kasei K.K) were dissolved in a solvent comprising 180
pbw tetrahydrofuran so as to produce a fluid coating.

- /.

— CH=N--N

The fluid coating was then applied over the aforesaid
charge-generating layer via a dipping .method, and
dried so as to form a charge-transporting layer having a
thickness of 18 um. The photosensitive drum 1 used in
the present invention was produced by the above de-
scribed method.

The 7-type nonmetallic phthalocyanine has, in case of
using X-ray of CuKa;/Ni at a wavelength of 1.541 A,
X-ray diffraction diagram which discloses strong peaks
at Bragg angles of 7.6, 9.2, 16.8, 17.4, 20.4, and 20.9
(20+0.2 degrees). The infrared absorption spectrum
between 700 and 760 cm—! showed four of the most
intense absorption bands at 751%2 cm—!, and two ab-
sorption bands of virtually identical intensity between
1320 and 1340 cm—1, with distinctive absorption also at
3288+3 cm—!.

Electrostatic latent image bearing members suitable
for the image forming apparatus of the present inven-
tion are not limited to the previously described mem-
bers.

In the image forming system using a long wavelength
light source such as a laser optical system, LED array
or the like, photosensitive members may be used which
have long wavelength sensitivity similar t that previ-
ously described. In image forming systems using a visi-
ble light source such as a liquid crystal shutter array,
PLZT shutter array or the like, or visible light image
forming systems using normal analog PPC lens and
mirror optical system, photosensitive members may be
used which have sensitivity in the spectral range.

Photosensitive members suitable for the present in-

O
O

vention are not limited to the previously described con-

struction inasmuch as a single-layer construction photo-
sensitive member may be used as well as the aforesaid
function-separated type photosensitive member. Fur-
thermore, all the various commonly known materials
may be used as the materials of the charge-generating
layer and the materials of the charge-transporting layer.
That is, inorganic materials such as zinc oxide, cadmium
oxide, selenium alloy, amorphous silicon and the like, or
organic materials in which phthalocyanine, azo com-
pound and the like may be used as materials for the
charge-generating layer, and hydrazone, styryl com-
pounds and the like may be used as materials for the
charge-transporting layer.

The outermost surface of the photosensitive member
may be provided a protective overcoat layer. The pro-
tective overcoat layer may use materials such as ultravi-
olet-curing resins, cold setting resins, thermosetting
resins and the like, resins containing a dispersion of
resistance-regulating materials, thin layer materials such
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as metal oxides, metal nitrides, metal carbides, metal
sulfides and the like deposited via vacuum vapor deposi-
tion, ion plating or the like, or unstable carbon layers or
the like formed by plasma polymerization of hydrocar-
bon gases. | |

The substrate material may be electrically conductive
materials, and is not limited to any specific material.
The configuration of the substrate may be belt-like, flat
plate-like, or drum-like in accordance with the image
forming system. o

When a light source emitting coherent light 1s used,
the aforesaid substrate may be provided with a surface

roughness or black coloration so as to prevent produc-

tion of so-called interference patterns.

The toner used with the developing device 3 in the
specific embodiments of the present invention and com-
parative examples which are described hereinafter was
a negatively charging type having a constituent compo-
sition comprising 100 pbw bisphenol A-type polyester
resin, 5 pbw carbon black MA#8 (Mitsubishi Kaset
Kogyo K.K.), 3 pbw Bondoron S-34 (Orient Kagaku
Kogyo K.K.), and 2.5 pbw bisucohru TS-200 (Sanyo
Kasei Kogvo K.K.). The aforesaid compound was
mixed, pulverized, and classified by well known meth-
ods, so as to produce a toner powder having a mean
particle diameter of 10 pm and wherein particle diame-
ters of 80 pbw are distributed in the range of 7-13 um.
Hydrophobic silica (Talko Co., Tanorakksu 500) at 0.735
pbw was added to aforesaid toner particles as a fluidiz-

ing agent, and the mixture was mixed in a homogenizer.
The aforesaid toner was accommodated in the previ-

ously mentioned developing device 3 and used for
image developing.

The charge brush 2 in the previously described
printer may be constructed, for example, so that the
brush portion 20 may have a band-like pile, as shown in
FIG. 4.

The aforesaid pile may be obtained by, for example,
weaving the brush fibers 21 comprising electrically
conductive fibers of 3-10 deniers to a backing 22 apply-
ing an electrically conductive adhesive coating to back
surface of the backing portion.

The brush fibers, for example, in a bundle of 50 to 100
fibers woven in a V-shape to a thread 22a on a backing
22, as shown in FIG. 5A, or woven in a W-shape as
shown in FIG. 5B. The brush 20 is fixedly attached to a
support member (back plate) via the aforesaid adhesive.

Furthermore, a brush support plate AL which 1s
capable of opening and closing to grip the brush fibers
21 may be considered as a charge brush, as shown in
FIG. 6. This type of brush is also suitable for use with
the present invention. |

The brush fiber material may be a suitable electrically
conductive material and is not limited to any specific
material.

Metal wires such as tungsten, stainless steel, gold,
platinum, iron, copper, aluminum and the like may be
used as the electrically conductive material.

Examples of useful electrically conductive resin ma-
terials may include carbon black, carbon fibers, metal
particles, met-allic whiskers, metal oxides, semiconduc-
tors and the like used as resistance-adjusting agents
dispersed in fibers such as rayon, nylon, acetate, copro-
ammonium, vinylidene, vinylon, ethylene fluoride, pro-
mix, benzoate, polyurethane, polyester, polyethylene,
polyvinyl chloride, polychlal, polynosic, polypropylene
and the like. In this case, a suitable and desirable resis-
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tance value can be obtained by the dispersion amount.
Alternatively, the fiber surface may be covered by a
resistance-adjusting material, or conversely, the surface
of low resistance fibers may be covered by a high resis
tance resin. |

The charge brush 2 used in the specific embodiments
of the present invention and comparative examples
which are described hereinafter was provided brush
fibers 21 comprising rayon fibers containing conductive
carbon powder at a rate of 12 pbw relative to total
weight. The aforesaid fibers had an electrical resistance
of 1X10° Qcm, fiber thickness was 6 deniers, density
was 15,000 fibers/cm?, and were woven to the backing
22 in a W-shaped weave. The backing 22 is fixedly

10

attached to the aluminum back plate. The dimensions of 15

each portion of the brush were length (L) of 240 mm,

width (W) of 10 mm, and height (H) of 5 mm, as shown
in FIG. 4.

The examples of the printer of the present invention

and comparative examples are described sequentially
hereinafter, following a description of the methods used
to evaluate image noise based on charge unevenness on
the surface of the photosensitive drum 1 imparted by
the charge brush 2.

Charge unevenness is generated and distributed in the
direction intersecting the direction of travel of the pho-
‘tosensitive drum 1 surface. The charge unevenness re-
mains as electric potential V; unevenness even after
image light exposure. That is, if the electric potestial
Voimmediately after charging by the charge brush 2 has
components which are partially high potential, the po-
tential V;1s also partially high after image light expo-
sure.

When reverse developing is accomplished in the pre-

20

25

30

viously described printer, the low potential portion of 35

the potential V;is developed with excessive toner. That

1s, the potential Vo unevenness becomes potential V;

unevenness, and ultimately image unevenness. One
property of the apparatus of the present invention is that
the occurrence of image unevenness can be prevented.
The degree of image unevenness was evaluated via the
image noise evaluation method described below.
Image noise was evaluated as follows. Using the pre-
viously described printer, the surface of the photosensi-
tive drum was charged by the charge brush 2, and ex-
posed via a laser beam emitted from the optical system
7 wherein the emission timing of said laser was regu-
lated so as to repeatedly write a pattern of two dots ON
(lighted), two dots OFF (extinguished) in the main scan

40

45

direction, and similarly repeatedly write a pattern of 50

two dots ON (lighted), two dots OFF (extinguished) in
the sub-scan direction. Thereafter, reverse developing,
transfer, and fixing processes were accomplished to
produce the print image shown in FIG. 7.

The maximum width of the small solid pattern com-
prising the aforesaid two dot-by-two dot area on the
print image in the main scan direction was designated
Wy The standard deviation of the maximum width
Wys of 30 consecutive individual solid patterns in the
main scan direction was designated 6, and the following
stripe-like image noise ranking was devised via the
aforesaid value 6.

Standard Deviation o Evaluation Symbol

O
X

Oum = o < 20 um
20 pm = o

55
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A large standard deviation 6 means the width of the
small solids in the main scan direction shows a large
degree of non-uniformity in the main scan direction.

In the image evaluation symbols, the symbol 0 indi-
cates the state wherein the stripe-like image noise was
not confirmable or the image noise did not hinder prac-
tical applications. The symbol X indicates the state
wherein image noise did hinder practical applications.

Specific embodiments of the present invention and
comparative examples are described in sequence herein-
after.

EXAMPLE 1

The printer of the first example is constructed as
shown in FIG. 2 and uses the imaging cartridges 10
shown in FIGS. 8 through 11.

The cartnidge 10 is constructed so that the portion
101 containing the erase 6 and cleaning device § is open-
able by rotating on a pivot 103 relative to the portion
102 containing the charge brush 2 and developing de-
vice 3. The charge brush 2 is fixedly attached to the
portion 102 from the beginning, and the photosensitive
drum 1 is removably installed in the portion 102.

The gear 11 i1s fixedly mounted to one end of the
photosensitive drum 1 so as to have the same rotational
axis direction as the drum 1. A rotating shafts 12 extends
through both ends of the drum 1, and holes 121 are
provided at the end of each rotating shaft 12.

Both rotating shafts 12 can engage grooves 131 of the
guide members 13 provided on the inner surfaces of
both side panels 10a positioned to accommodate the
drum 1 within the portion 102. Accordingly, as shown
in FIG. 10, the drum i is arranged in the standard posi-
tion from the upstream side of the charge brush 2 by
pressing both shafts 12 so as to have said shafts 12 en-
gage the grooves 131. By means of this drum arrange-
ment, the brush fibers of the charge brush 2 are uni-
formly pressed toward the downstream side from the
brush 2 position in the direction CW of travel of the
photosensitive drum 1 surface. Furthermore, the drum 1
makes contact with the developing sleeve 31 of the
developing device 3. The item S1 in FIG. 10 is the
boundary of the upstreamn and downstream sides of the
charge brush 2 (refer to FIG. 12).

The stoppers 14 are provided on the exterior side of
both side panels 10a of portion 102. Each stopper 14 has
a cylindrical projection 141 which engages a hole (not
illustrated) in the end face of the drive rollers provided
inside the developing sleeve 31, and a projection 142
which engages the end face hole 121 of the drum shaft
12. Each side panel 10a is provided with a concavity
106 which engages the stopper 14, and holes 10¢ and
104 through which both projections 141 and 142 pene-
trate. Accordingly, by arranging the developing sleeve
31, sleeve drive roller and drum 1 at standard positions,
and penetrating the projections 141 and 142 of the stop-
pers through the through holes so as to engage the end
face hole of the sleeve drive roller and the drum shaft
end face hole 121, the aforesaid sleeve and drum can be
installed at their standard positions.

After the drum 1 is installed, the portion 101 is closed
and the imaging cartridge 10 is completed, as shown in
FIG. 11. The amount of indentation of the charge brush
2 toward the photosensitive drum 1, i.e., toward the
center of the drum 1 from the standard position where
the leading end of the brush contacts the drum 1, is 1.5
mm.
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The cartridge 10 was assembled in the printer of FIG.
2, and the photosensitive drum 1 was rotated in the
aforementioned CW direction at a circumferential
speed of 3.5 cm/second. On the other hand, the a direct
current (DC) voltage of about —1.1 kV was applied to
the charge brush 2 through the aluminum back plate 23
of said brush 2 so as to impart a mean electrical charge
~of —750V to the surface of the drum 1. The charged
area of the drum 1 was exposed to image light exposure
so as to form an electrostatic latent image thereon cor-
responding to the pattern shown in FIG. 7, said latent
image was then developed by the developing device 3
via a developing bias voltage of about —300V, the
developed image was transferred onto a transfer sheet
and fixed thereon.

Stripe-like noise evaluation of the produced image
resulted in a ranking of O.

EXAMPLE 2

The printer of the second example 1s constructed as
shown in FIG. 2 and uses an imaging cartridges 10
having the same construction as the cartridge 10 of the
first example. The amount of indentation of the charge
brush was 2.5 mm. _

The aforesaid cartridge was assembled in the printer,
and operated under the same operating conditions as
described in the first example. Images were formed and
evaluated for stripe-like noise. The noise ranking was O.

REFERENCE EXAMPLE 1

The printer of reference example 1 used the imaging
cartridge 10 provided with the photosensitive drum 1
installed on the downstream side of the charge brush 2,
as shown in FIG. 12B. The amount of indentation of the
charge brush was 1.5 mm. |

The aforesaid cartridge was assembled in the printer
and operated under operating conditions identical to
those of the first example. Images were formed and
evaluated for stripe-like noise. The noise ranking was X.

In this example, part of the brush fibers of the charge
brush 2 was nonuniform, i.e., set in the reverse direction
relative to the travel direction of the drum surface.

REFERENCE EXAMPLE 2

The printer had the same construction as in the first
reference example, with the exception that the amount
of indentation of the charge brush 2 was 2.5 mm.

When this device was operated under the same oper-
ating conditions as in the first example, the drum 1 had
insufficient rotation. In this example also, part of the
brush fibers of the charge brush 2 was nonuniform, 1.e.,
set in the reverse direction relative to the travel direc-
tion of the drum surface. It is believed that the aforesaid
rotational insufficiency was produced by a marked in-
crease in the rotational torque of the drum 1 due to the
large indentation of the charge brush 2.

EXAMPLE 3

The construction of the printer of example 3 1s shown

in FIG. 2. This printer used the imaging cartridge 10
constructed as shown in FIGS. 13 and 14. |
The cartridge 10 was provided with the photosensi-
tive drum 1 arranged at the standard position from the
beginning, so as to allow the charge brush 2 to be re-
movably installed in the cartridge. The cartrnidge case
100 had a charge brush installation guide 24 provided
with brush insertion apertures in the part at which the
charge brush was to be installed. The aluminum back
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10
plate 23 of the charge brush 2 had a portion 230 for
supporting the brush and an inclined portion 231 rising
from said portion 230, both portions 230 and 231 being
integratedly formed as a unit. The portion 231 was
provided screw holes 23a.

The charge brush installation guide 24 of the car-
tridge case 100 is provided with a concave portion 241
which engages the leading end 230a of the brush sup-
port portion 230 on the back plate. The charge brush 2
is inserted toward the installation guide 24 so that the
leading end 230a engages the concave portion 241, and
thereafter the brush 2 is rotated in the arrow X direc-
tion, as shown in FIG. 15, so that the back plate portion
231 attached to the guide panel 242 by a screw 232
placed through the screw hole 23a, as indicated by the
dashed line in the drawing. In this state, the amount of
indentation of the charge brush 2 toward the photosen-
sitive drum 1 1s 1.5 mm.

The installation of the charge brush 2 is accomplished
from the downstream side (refer to FIGS. 16a-16d) of
the boundary S2 between the upstream and downstream

sides of the drum 1, as shown in FIG. 15. The fibers of
the charge brush installed at the standard position are

pressed toward the downstream side from the standard

position of the charge brush on the drum 1. .
The cartridge 10 was assembled in the printer of FIG.
2 and operated under operating conditions identical to

those of the first example. Images were formed and
evaluated for stripe-like noise. The ranking was O.

EXAMPLE 4

The construction of the printer was the same as that

in the third example, with the exception that the amount
of indentation of the charge brush was 2.5 mm.
The apparatus was operated under operating condi-

tions identical to those of the first example. Images were
formed and evaluated for stripe-like noise. The ranking
was O.

REFERENCE EXAMPLE 3

The printer of reference example 3 used an imaging
cartridge 10 with the charge brush 2 installed from the
downstream side of the plane S2. The amount of inden-
tation of the charge brush was 1.5 mm.

The aforesaid cartridge was assembled in the printer
and operated under operating conditions identical to
those of the first example. Images were formed and
evaluated for stripe-like noise. The ranking was X.

In the present example, part of the brush fibers of the
charge brush 2 was nonuniform, i.e., set in the reverse
direction relative to the travel direction of the drum
surface.

REFERENCE EXAMPLE 4

The construction of the printer was identical to that
used in reference example 3, with the exception that the
amount of indentation of the charge brush 2 was 2.5
min. -

When the aforesaid apparatus was operated under
operating conditions identical to those of example 1, the
drum 1 had insufficient rotation. In this example also,
part of the brush fibers of the charge brush 2 was nonu-
niform, i.e., set in the reverse direction relative to the
travel direction of the drum surface. It is believed that
the aforesaid rotational insufficiency was produced by a

" marked increase in the rotational torque of the drum 1

due to the large indentation of the charge brush 2.
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As can be clearly understood from the preceding
description, the present invention provides that when
the charge brush is installed first at a predetermined
standard position and the electrostatic latent image
bearing member is removably installed relative to the
charge brush, the installation direction of said latent
image bearing member relative to the charge brush is
the direction a shown in FIG. 12A. That is, at the
boundary of the plate S1 formed by the direction of the
brush fibers F at the center of the charge brush B (mean
direction if non-uniform) and a line perpendicular to the
direction of travel of the surface S of the electrostatic
latent image bearing member PC, when the entrance
side of initial contact between the charge brush B and
an optional point on the surface of the latent image
bearing member PC is designated the upstream side, and
the exit side where the optional point is separated from
the charge brush B is designated the downstream side,
- the direction from the upstream side toward the down-
stream side is the arrow a direction. The direction f3
from the downstream side toward the upstream side 1is
prohibited, as shown in FIG. 12B. |

Furthermore, when the electrostatic latent image
bearing member PC is installed first at the predeter-
mined standard position and the charge brush is remov-
ably installed relative to the aforesaid image bearing
member, the installation direction of said charge brush
relative to the latent image bearing member is the direc-
tion y shown in FIGS. 16A and 16B. That is, assuming
the charge brush B 1s positioned at a standard position
relative to the electrostatic latent image bearing mem-
ber PC, at the boundary of the plane S2 formed by the
direction of the brush fibers F at the center of the
charge brush B (mean direction if non-uniform) and a
line perpendicular to the direction of travel of the sur-
face S of the electrostatic latent image bearing member
PC, when the entrance side of initial contact between
the charge brush B and an optional point on the surface
of the latent image bearing member PC is designated the
upstream side, and the exit side where the optional point
1s separated from the charge brush B is designated the
downstream side, the direction from the downstream
side toward the upstream side is the arrow vy direction.
The direction 6 from the upstream side toward the

- downstream side 1s not included, as shown in FIGS.
16C and 16D.

Although the present invention has been fully de-
scribed by way of examples with reference to the ac-
companying drawings, it is to be noted that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
- changes and modifications depart from the scope of the
present invention, they should be construed as being
included therein.

What is claimed 1s:

1. An image forming apparatus comprising:

an image bearing member;

a charge brush having brush fibers for charging the
surface of said image bearing member by contact-
ing the fibers therewith;

a holder for rotatably holding said image bearing
member and for holding said charge brush in
contact with said image bearing member, said
holder detachably holding at least one of said
image bearing member and said charge brush; and

guide means for relatively guiding said detachable
one into said holder from a predetermined direc-
tion so that said fibers of said charge brush are
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inclined along the rotational direction of said image
bearing member.

2. The image forming apparatus as claimed in claim 1,
wherein said image bearing member is made of organic
photoconductor and said fibers of said charge brush are
made of macromolecule material.

3. An image forming apparatus comprising:

an image bearing member;

a charge brush having brush fibers for charging the
surface of said image bearing member by contact-
ing the fibers therewith;

a holder for rotatably and detachably holding said
image bearing member and for holding said charge
brush in contact with said image bearing member;
and |

guide means for guiding said image bearing member
into said holder from an upstream side of said
charge brush with respect to the rotational direc-
tion of said image bearing member.

4. The image forming apparatus as claimed in claim 3,
wherein said image bearing member is made of organic
photoconductor and said fibers of said charge brush are
made of macromolecule material.

§. The image forming apparatus as claimed in claim 3,
wherein said holder is an imaging cartridge which is
detachably disposed in said image forming apparatus.

6. An image forming apparatus comprising:

an image bearing member;

a charge brush having brush fibers for charging the
surface of said image bearing member by contact-
ing the fibers therewith;

a holder for rotatably holding said image bearing
member and for detachably holding said charge
brush in contact with said image bearing member;
and

guide means for guiding said charge brush into said
holder from an opposite direction with respect to
the rotational direction of said image bearing mem-
ber.

7. The image forming apparatus as claimed in claim 6,
wherein said image bearing member is made of organic -
photoconductor and said fibers of said charge brush are
made of macromolecule matenal.

8. The image forming apparatus as claimed in claim 6,
wherein said holder is an imaging cartridge which 1s
detachably disposed in said image forming apparatus.

9. An imaging cartridge detachably provided in an
image forming apparatus comprising:

an image bearing member being held rotatably and
detachably in said imaging cartridge;

a charge brush having brush fibers for charging the
surface of said image bearing member by contact-
ing the fibers therewith, said charge brush being
fixedly held in said imaging cartridge; and

guide means provided on the inner surface of a side
wall of said imaging cartridge for guiding said
image bearing member into said imaging cartridge
from an upstream side of said charge brush with
respect to the rotational direction of said image
bearing member. |

10. The imaging cartridge as claimed in claim 9,
wherein said image bearing member is made of organic
photoconductor and said fibers of said charge brush are
made of macromolecule material.

11. The imaging cariridge as claimed in claim 9, fur-
ther comprising a first part and a second part which is
openable by rotation on a pivot relative to said first part,
wherein said image bearing member is attached to said
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imaging cartridge through an opening space when said
second part is opened.

12. The imaging cartridge as claimed in claim 11,
wherein said first part includes a developing device and
said charge brush, and said second part includes an
eraser and a cleaning device.

13. The imaging cartridge as claimed in claim 12,
wherein said guide means is provided in said first part.

14. An imaging cartridge detachably provided in an
image forming apparatus comprising:

an image bearing member being rotatably held in said

imaging cartridge;

5
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a charge brush having brush fibers for charging the

surface of said image bearing member by contact-

ing the fibers therewith, said charge brush being

detachably held in said imaging cartridge; and
guide means for guiding said charge brush into said

imaging cartridge from an opposite direction with

13

respect to the rotational direction of said image

bearing member.

15. The imaging cartridge as claimed in claim 14,
wherein said image bearing member is made of organic
photoconductor and said fibers of said charge brush are
made of macromolecule material.

16. The imaging cartridge as claimed in claim 14,
wherein said guide means has a concave portion with
which the edge of said charge brush engages.

17. In an image forming apparatus which includes a
rotatable and detachable image bearing member and a
charge brush having brush fibers for charging the sur-
face of said image bearing member by contacting the
fibers therewith, a method for attaching the image bear-
ing member to a frame provided in said image forming
apparatus comprising the following steps of:
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fixedly providing the charge brush in said frame; and
inserting said image bearing member into said frame
from an upstream side of said charge brush with
respect to the rotational direction of said image
bearing member.
18. In an image forming apparatus as claimed in claim
17, wherein said image bearing member is made of or-
ganic photoconductor and said fibers of said charge

brush are made of macromolecule material.

19. In an image forming apparatus as claimed in claim
17, wherein said frame is provided in an imaging car-
tridge which is detachably provided in said image form-
ing apparatus.

20. In an image forming apparatus which includes a
rotatable image bearing member and "a detachable
charge brush having brush fibers for charging the sur-
face of said image bearing member by contacting the
fibers therewith, a method for attaching the charge
brush to a frame provided in said image forming appara-
tus comprising the following steps of:

fixedly providing the image bearing member in said

frame; and

inserting said charge brush into said frame from an

opposite direction with respect to the rotational
direction of said image bearing member.

21. In an image forming apparatus as claimed in claim
20, wherein said image bearing member is made of or-
ganic photoconductor and said fibers of said charge
brush are made of macromolecule maternal.

22. In an image forming apparatus as claimed in claim
20, wherein said frame is provided in an imaging car-
tridge which is detachably provided in said image form-

ing apparatus.
¥ %¥* %X ¥ %
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